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Abstract: Providing millisecond-temporal resolution for
non-invasive mapping of human brain functions, Magneto-
/Electroencephalography (MEG/EEG) is predestined to
monitor brain activity in real-time. While data analysis to
date is mostly done subsequent to the acquistion process we
introduce here an acquisition and real-time analysis appli-
cation. Online feedback allows the adaption of the exper-
iment to the subject’s reaction creating a whole set of new
options and increasing time efficiency by shortening acqui-
sition and offline analysis. To build a standalone appli-
cation, we first designed MNE-CPP a cross-platform open
source Qt5 C++ library, which implements the validated
parts of our scripting toolboxes MNE-Python/MATLAB.
Based on MNE-CPP we built MNE-X, which allows real-
time acquisition, processing, and source localization.
Keywords: Real-Time, Magnetoencephalography, Elec-
troencephalography, Processing, Source Localization
Introduction
Real-time processing and source localization for
MEG/EEG enables possibilities for novel experimen-
tal paradigms and improves the efficacy of these methods
in clinical diagnosis where fast analysis procedures are
essential. Given that some information is processed during
the acqusition, the subsequent off-line analysis will be
facilitated and made faster. Such a real-time MEG/EEG
monitor has to be able to control the MEG/EEG hardware
to acquire data, as well as to be capable of processing
the acquired data online. Several application frameworks
[1, 2] to acquire as well as scripting toolboxes [2, 3, 4]
to analyse MEG/EEG data already exist. For designing a
standalone acquisition and processing application, such as
MNE-X, it is necessary to have a highly flexible library
which unites the acquisition and the analysis. Here we
want to introduce MNE-CPP, our new cross-platform
opensource Qt5 C++/CUDA library package. MNE-CPP is
designed as a basis for standalone applications and enables
the application programmer to make full use of the given
hardware capabilities and develop processing pipelines
with almost the ease of a scripting toolbox. MNE-CPP is
part of the MNE-Suite and can be freely accessed at:
https://github.com/mne-tools
Methods
MNE-CPP is a derivative of our scripting toolboxes
MNE-Python/MNE-MATLAB and consists of several sub-
libraries (Fig. 1). Except of the inverse sub-library, MNE-
CPP only depends on Qt5 [5] and the light-weight Eigen [6]
template library for linear algebra. This enables the user to
build MEG/EEG applications for almost any computational
device. PCs, tablets, smartphones and even embedded solu-
tions are supported.
Figure 1: Sub-libraries of MNE-CPP: helpers (orange), core
(green), specific tasks (blue to violet)
Besides the C++ implementation, the inverse library pro-
vides a GPU CUDA kernel for some algorithms, and relies
if GPU computing is wanted on NVDIAs nvcc compiler.
Figure 2: User interface of MNE-X
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MNE-X (Fig. 2) is built based on MNE-CPP. It is de-
signed for the daily clinical use and comes with several
real-time plug-ins, e.g. the averaging, source localization,
and frequency estimation toolboxes. Also the development
of further plug-ins, e.g., real-time Signal Source Separa-
tion (SSS)/ Signal Space Projection (SSP), is already in
progress.
Figure 3: Screenshot of the real-time stereoscopic 3D
(anaglyph red/cyan) source localization monitor. The dis-
play shows the localization of an auditory stimulus with an
applied moving average.
Here we also want to introduce our online source local-
ization toolbox, which, in addition to the localization al-
gorithms, provides a real-time 3D stereoscopic display (fig.
3)). The applied algorithm uses a region-of-interest forward
solution clustering and an adapted MNE [7] algorithm.
Results
MNE-X is able to control the MEG/EEG hardware to ac-
quire data. It also provides fast and effective algorithms to
process the acquired data online. It is designed as a cross-
platform opensource application and introduces a new plug-
in framework to easily adapt and extend the MEG/EEG
online analyzation capabilities. To realize MNE-X we de-
signed in a highly portable MNE-CPP library.
Discussion
By providing online feedback and increasing time effi-
ciency, MNE-X aims to improve the clinical value of
MEG/EEG by providing new experiment options and in-
tegragting them into fast diagnostic procedures. However,
more work is needed to address, e.g., the accuracy of on-
line source localization. Clinical and basic research studies
are needed to assess the benefits of MNE-X and to guide its
further development.
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